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l. EXECUTIVE SUMMARY

a. Project title and applicant name: A Program to Monitor Indicators of
Stress in Fish for Adaptive Management of Aquatic Habitat; Dr. ,I. J. Cech,
Jr., Professor, UC Davis.

b. Project Description and Objectives: This muiti-year project will combine field,
laboratory and modeling work to develop improved monitoring methods for adaptive
management of the Bay/Delta and asso~lated riverine ecosystems, and wili provide an
evaluation of river conditions for juvenile chinook salmon during the study period. The
program will complement more traditional monitoring of population levels with measures of
condition and performance: long-term growth rates (from otoliths); short-term growth rates
(from RNA/DNA ratios); energy stores (from li[Ytds), readiness for seawater (Gill
NA+K+ATPase activity); exposure to temperature stress or toxins (hsp 70); gross organ
condition (field autopsy); and stomach contents. Field samples ofjuverfile fair-run chinook
salmon will be collected with attention to spatial and temporal distributions. Laboratory
studies of juvenile chinook and steelhead will (1) provide data on the measures of condition
and their va~’iation in fish raised in known condldons, and (2) develop cause-and-effect
relations between the measures of condition and stressers such as water temperature and
limited food supply. Individual-based models will be used to explore the importance of
variation in the measured parameters for survival and reproductive capacity (starting in the
second year). The utifity of simpler v. more complex and expensive measures of condition
will be compared, to allow design of an optimal long-term mo~itoting program. The initial
emphasis of field studies will be on fall-run ehinonk salmon, to minimize concerns with
sampling mortality duriag program development, but the method can be applied directly to
other runs, and the basic approach can be extended to other fishe~ or invertebrates as well.

c. Approach/Tasks/Schedule: Field samples will be obtained in i998, 1999, and 2000 from
late Ianuary to late June in the Sacramento, American, Stanislaus and lower San Joaquin
rivers and from the Delta, from existing sampiing programs; additional samples will be
collected in restoration sites or other habitats of particular interest. Envlrenmental dam will
be ob~ined mainly from existing monitoring programs. The samples will be assayed for
the measures condition and performance listed above. Laboratory studies in 1998 will be an
expansion of a separately funded growth-temperature-ration study of juvenile chinook
salmon and steelhead, and a simulation of the temperature stress experienced by chinook
salmon smolts in the lower Sacramento River. The same measures of condition and
performance will be measured for the experimental and control fish, to obtain data from fish
held in known conditions. Laboratory studies in subsequent years will be designed based
on results from the first year and from the fidd. Modeling studies (begi~ming in the .second
yeax) will explore the significance of variation in individual-based measures of condition
and performance for the survival and reproductive capacity of individuals, and accordingly
their significance for i~pulations.

Local biologists and managers will be consulted individually in the first year, and a two-day
worl~hop with lo¢al and invit~l biologists will be organized in the second year, to obtain
peer review and ensure that the program ~ddresses questions of concern to managers.
Annual reports will be submitted to CALFED and if possible presented at the annual IEP
meeting at Asilomax, in addition to quarterly progress reports.
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Measures of condition and performance will be related to environmental conditions at
eaptore sites, and to experimental conditens. Analyses of the data will consider statistical
properties of the data (e.g., effect size and natural variation), and will also consider the
information gained from more complex and expensive assays, compared to that obtained
from simpler and less expensive measures. For example, the information gained from
analysis of lipids into classes will be compared with the information gained from simple
ether extraction of non-polar lipids. The final products in the year 2000 will be: (1) a
report making recommendations for a long-term monitoring program; and (2) a report
presenting, synthesizing and evaluating the results obtained from the field, modeling, and
laboratory studies.

d. Justification: CALFED recognizes that adaptive management requires effeclSve
monitoring and has encouraged proposals for monitoring. Unfavorable environments or
contaminants impose chronic stresses on organisims that manifest themselves in the
pes’formanee and condition of individuals before they effect populations (Adams, t990).
Measures of the performance and condition of individuals are more effective than
popelation-b~osod or physical parameters because they have better statistical properties, and
because they provide better evidence of the mechanisms that control populations (Osenberg
et al. 1994). For such reasons, Castleberry et al. (1996) urged that monitoring for effective
adaptive management of instream habitats include individual-based measures of condition
and performance, along with measures of populations.

e. Budget Costs and Third Party Impacts: First year costs are $242,900, mainly for
personnel. Costs of collecting and processing field samples for years two and three are
$248,000 and $260,500 (assumes 5% inflation), for a total of $775,788 over three years.
]Experimental costs in the first year are mainly covered by a separate grant from the U.C.
Water Resoucas Center. Costs of experimental and modeling work in years two and three
are estimated at $60,000 per year, but wiI1 be the subject of subsequent proposals. Hence,
the estimated total cost is $907,749 over three years, and the east for this proposal is
$775,788 over three years. Salaries of the Principal Investigator and cooperating senior
scientists will be paid by their institutions. No third party impacts are anticipated.

f. Applicant Qualifications: Dr. Joseph J. Cech is a professor at the University of California
at Davis and a well recognized authority on the physiology and ecological physiology of
fishes who has published over 80 peer-reviewed articles.

g. Monitoring Data and Data Evaluation: Monitoringisa primaryobjeetiveofthis
proposal. Data analysis will relate measures of performance and conditon to environmental
variables, and will use standard statistical methods appropriate for publications in
professional journals. The biological significance of observed effects will be evaluated with
bioenergetlc and individual-based models.

h. Local Support/Coordination With Other Programs/Compatibility W’lth CALFED
Objectives: The project will be coordinated with a similar National Marine Fisheries
Servic� monitoring program coveting the area from Chipps Island to the Gulf of the
Farallones, with ongoing evaluations of the effectiveness of past restoration projects, and
with regdar agency ~ampling of juvenile salmon. This proposal will further CALFED
objectives by developing and testing improved monitoring methods that will facilitate
adaptive management.

-2-
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II. TITLE PAGE

a. Title of Project: A Program tu Monitor Indicators of Stress in Fish for
Adaptive Management of Aquatic Habitat.

b. Names of Principal Investigator. Dr. Joseph J. Cech, Dept. of Wildlife, Fisheries and
Conservation Biology, University of California, Davis, CA 95616, 916-752-3103,
(fax) 916-752-4154, jjcech&ucdavis.adu; Professor, UC Davis.

c. Iype of Organization and Tax Status: State Agency (Univedity of California)

d. Tax Identification Number:. 9~603-64-94

e. Technical and Financial Contact Persons:
Technical: Dr. J. J. Cech, Jr., at the address above.
Financial: Ms. Marjorie Kirkman, Dept. of Wildlife, Fisheries and
Conservation Biology, University of California, Davis, CA 95616,
916-752-6584, (fax) 916-752-4154, maldrkraan@ucxlavis.edu.

f. Collaborators in Implementation:
Dr. R. Bruc~ MacFarlane, National Marine Fisheries Service, Tiburon, CA;
Dr. Michael K. Saiki, Biological Resources Division, USGS, Dbton, CA;
Dr. Jerry L. Hedrick, Molecular and Cellular Biology, UC Davis;
Dr. James S. Clegg, Bodega Marine Laboratory and UC Davis;
Mr. Daniel T. C.asfleberry, US Fish and Wildlife Service, Stockton, CA.
Dr. James Petersen, Biological Resources Division, USGS, Cook, Washington.

g. RFP Project Group Type: Other Services

-3-
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A Program to Monitor Indleators of Stress in Fish

III. PROJECT DESCRIPTION

a. Project Description and Approach: This three year project will combine field, laboratory
and modeling work to develop improved monitoring methods for adaptive management of
the Delta and as~iated riverine ecosystems. Field samples of juvanile fall-run chinook
salmon will be assayed for the following measures of eonditioo and performance: loog-term
growth rates (from otoliths); short-term growth rates (from RNAIDNA ratios); energy
stores (from lipids); readiness for seawater (Gill NA +K + ATPase activity); exposure to
tempexature s~ess or toxins (hsp 70); and gross organ condition (field autopsy). Stomach
contents will also be analyzed. Laboratory studies will develop cause-and-effect relations
between the measures of condition and stressors such as water temperature, which will
allow more robust interpretatioo of the field data. Individual-based models will explore lhe
importance of variation in the measured parameters for survival and z~’~rodantive capacity,
linking the field data to population consequences.

To allow design of an optimal long-term monitoring program, the utility of simpler
measures of condition will be compared to the utility of more complicated and expensive
measures. Managers and agency biologists will be consulted to identify specific questions
of management concern, and other research scientists will be consultod to identify other
potential measures of condition and performance, as well as any ~eehnieal difficalties with
the proposed assays and interpretation of results. The initial emphasis will be on fall-run
chinook salmon, to minimize concerns with sampling mortality during the developmental
stage of the program, but the approach can be applied directly to other runs, and the basic
approach can be extended to other fishes as well. For example, RNA/DNA ratios can be
obtained from larval striped bass (Heath et al. 1993), and could be used to investigate the
influence of flow on their growth.

b. Geographic bou~laries of the project: Field samples will be oollected in the Sacramento
River from Balls Ferry downstream, the American River, the Stanislaus River, the lower
San/oaquln River, and at revera[ sites in the Delta including Chipps Island. Laboratory
studies will be conducted at UC Davis~

c. Expected benefits:
The primary benefits from this project will be (1) a protocol for monitoring the condition
and performance of juvenile salmonids in the Delta/rivers system, (2) an analysis of three
years of monitoring data, supported by laboratory experiments and medeling, documenting
the condition and performance of juvenile fall-run chinook salmon in the study area, and (3)
improved understanding of the temperature tolerance of juvenile chinook salmon and
steelhead.

The monitoring is intended to address specific questions of management interest such as:

What is the relation between water temperature and the growth and condition of
juveniles rearing in the Sanramento-San loaquin river system?                      .
What is the relation between water temperature aad the condition of smolts captured in
the Delta?
How does the condition of fry or smelts change as they emigrate through the system?
Is there evidence of food shortages for juvaniles in the lower Sacramento or San
Joaquin rivers?                             "

-4-
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Is there evidence of stress induced by contaminants?
Do short term growth rates of juveniles differ in different habitats in the Delta, with
particular attention to restoration projects?
Does the growth and condition of juvenile fall-run chinook salmon within given rivers
or habitats vary with short-term or seasonal differences in discharge?
Does the condition of emigrating chinook fry differ from that of fry that rear to smelt
size before emigrating?

The stressers targeted by the prope~l are water temperature, water quality (contaminants),
and hydrograph alterations. The targeted species are fall-run chinook salmon (including
San Joaquin River fall-run) and steelhead, but once the protocol is developed it could be
extended to winter-ran chinook salmon and spring-run chinook salmon if the anticipated
benefits would outweigh the asaociated sampling mortality. The basic approach can be
adapted to other fishes or invertebrates. The monitoring approach is intended especially for
adaptive management of instream aquatic habitat, but can also be applied to tidal perennial
aquatic habitat, saline emergent wetlands, and shaded riverine aquatic habitat.

d. Background and Biological/Technical Justification:
In a study moaltoting the environmental, effects of off-shore oil production in the Santa
Barbara Channel, Osenberg et al. (1994) found that indivldual-based parameters were more
effective than population-based or physical parameters because they had better statistical
properties, and because they provide better evidense of the mechanisms that conUol
populations. Casfleberry et al. (1996) urged that individual-based measures of condition
and performance be monitored, in addition to population measures, for effective adaptive
management of instream habitats. The measures proposed for monitoring are deseribad
below.

Otoliths: Because salmonids generally form one otolith growth inereraent each day
(Bradford and Geen 1987; Campana i983; Neilsen et al. 1985; Castleberry 1994), the
number of otolith increments divided by length provides an index of long-term growth rate,
and if a length is assumed at formation of the first increment or some other identifzable
increment, the subsequent absolute growth rate nan be estimated. Inclement widths are also
closely related to growth rate over extended periods (e.g. 50 days), although not for shorter
periods (Bradford and Geen 1987).

RNAIDNA ratios: RNA/DNA ratios provide a measure of short-term growth rates, becaus~
the amount of RNA in ceils increases during antive growth but the amount of
relatively constant. However, the relation between the ratio and growth rates depends upon
temperature (Buckiey 1982, Ferguson and Danzmann 1990). We will follow the example
of Buokley (1984), who used data from larval fish reared at different temperatures in the
laboratory to estimate growth rates of larval fish at sea based on water temperature and
RNA/DNA ratios. A measure of short-term growth rate will be useful for evaluating the
udity of specific habitats for juvenile salmon; rapid growth rates would be more powerful
evidence of benefit to juvenile salman than their mere presence.

Lipids: Lipids are axt important source of potential energy that reflects the physiological
capacity of fish for growth or activity (’Bnsacker et al. 1990), and lipid levels of juvenile
salmonids from hatcheries affect their survival (Peterson t.973, Roadorf et
Wagner 1974). Castleberry etal. (1991; 1993) analyzed lipid levels for juvenile chinook

I --001026
1-001026



A Program to Monitor Indicators of Stress in Fish

salmoo and steelhead from the American River for two similar years (1991 and 1992), and
found the levels to correspond with the lower range of levels for fed fish in hatcheries or
laboratory experiments. I-Iowever, few other data are available on lipid levels in naturally
produced juvenile salmanids in rivers. Lipids occur in various forms. Castleberry et el.
reported dale for "non-polar" lipids, which can be determined by a simple ether exla-action
technique. Chromotographic analysis allows a more detailed and potentially more
informative breakdown of llpids into sterol/wax esters, tdacylglycerol, nonesterifled fatty
acids, cholesterol, and. polar lipids (’MacFarlane and Norton 1996), and is being used in an
ongoing stud), of salmon smolts from Chipps Island to the Gulf of the FaralIones by Dr.
Bruce MacFarlace of the Tiburon Laboratory, National Marine Fisheries Service. We will
use both methods concorrently, in order to assess whether the extra information provided by
the chromotographi0 assay justifies the extra cost.

Gill Na+K’+ATPa.se activity: Gill sodium, potassium-activated adenosine triphosphate
levels have been used as a quantitative measurement of the progress of smoltLfication of
migrating salmon in routine monitoring on the Columbia River (Beeman et al. 1991). The
enzyme is used in the transport of NaCi across the gill epithelium, which is necessary for
the survival of salmon smolts in salt water. There is concern that temperature stress may
lead to reduced ATPa~ activity (Zaugg 1.981), which could further eompremise salmon
smolts migrating through the Delta. ATPase assays will be cencentrated on fish sampled
from the Delta and the lower reaches of the Sacramento and San Ioaquin rivers, and from
the American River. Assays of the ATPase activity of fish exposed in the laboratory to
thermal stress simulating migration through the lower Sacramento River in unfavorable
conditions will provide a reference from known conditions.

Stress proteins (hsp 70): Exposure to thermal or other stresses induces synthesis of small
"heat shock ~ proteins, particularly members of the hsp 70 family (Morimotu et al. 1990
and 1994; Feige et al. 1996). Although the functions of heat shock proteins continues to be
elucidated it is known that some, including the hsp-70 family, function as moleculm"
chaperones that that reduce damage to other proteins, and account for acclimation to
warmer water (Mosser and Bols 1988). Smolting fall-run chinook salmon are frequently
subjected to high water temperatures in the lower Sacramento and San Joaquin rivers.
Previous attempts to relate smolt survival to water temperature have used paired releases of
coded-wire tagged f’ml~. Although the data have been given competent statistical analysis
(Baker et al. 1995) considerable uncertainty remains. Assays of one of these "heat shock"
proteins, hsp 70, would provide an independent measure of the temperature stress that fish
experience. Hsp 70 synthesis is also induced by other stressors such as various toxins that,
like high temperatures, act by aitedng the biologically effective threc-.dimenalonal geometry
of proteins. Aecerdingly, the presence of hsp 70 that earmot be accounted for by
temperature stress indicates exposure to such stressors.

Field dissection: Sublethal stresses such as low levels of contaminants commonly induce
changes in the color or gross appearance of organs and tissues that can be detected by field
necropsy, and protocols have been developed for recording these systematic.ally to obtain a
profile of the health of a fish population based on percentages of observed anomalies
(Goede and Barton 1990; Foott 1990, Adams et el. 1993).

Stomach Contents: Recently ingested prey provide a measure either of habitat quality, or of
the ability of the fish to feed successfully. For example, terrestrial insects in stomachs
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provide evidence of the importance of riparian vegetation as a source of food. The amount
of food in stomachs of recently emerged fry ceptured in screw (outmigran0 traps provides
evidence about the viability of early-emigrating fry.

e. Proposed Scope of Work:
Field Studles: Samples will be obtained from existing monitoring programs in the
Sacramento-San Joaquin river systems. Tentatively, we plan to obtain samples of juvenile
salmon from trawl catches at Chipps IsLand, Messberg and Sacramento, from floating
rotary traps on the Stanistaus, American and Sacramento rivers (Knights Landing, Red
Bluff, and Bails Ferry), and from USFWS seining in the lower Sacramento River and Delta
(Table 1). Samples will be obtained every two week~ from late January to late June.
Additional mine samples of pr"dumably non.emigrating juveniles witl obtained by seining
along the edge of the lower American River near the upstream Limit of salmon spawning. If
possible, samples will also be obtained from ongoing evaluations of habitat restoration sites
in the Sacramento-San Joaquin river Delta. Environmental data will be obtained mainly
from existing monitoring programs, but spot measurements will be taken at field sampLing
sites for backup and quality assurance.

Field and analytical procedures will be generally similar to those of Castleberry et al.
(!991; 1993), with minor changes based on subsequent rei~rts in the literature (e.g.
MeGurk and Kusser (1992) regarding RNAIDNA ratio determination). After capture,
samples of up to 40 fish will be over-anesthetized (MS-222, 250 mg/l), measured to the
nearest miLiimeter for standard mad fork lengths, and weighed to the nearest 0.1 gram. Up
to 15 fish will be selected for determination of Lipid levels, placed in individually numbered
sample bags and frozen on dry ice. Selected samples (approximately 1/4th) wiI1 be
analyzed for total Lipids and lipid classes (triacylglycerols, sterol/wax esters, nonesterified
fatty acids, cholesterol, and polar lipids) using thin layer ehromategraphy with flame
ionization detection at the National Marine Fisheries Service Laboratory in Tiburon, with
the assistance of Dr. Bruce MacFarlane. The remaining samples will be analyzed for
non-polar lipids by ether extractions of Liplds and consequent changes in weight (dry weight
- Lipid-free dry wCtght). Up to 15 other fish will be placed on ice and dissected in the field.
After the condition of organs is noted, tissues will be removed for other assays and placed
in numbered containers (one number per fish), and then frozen on dry ice. The subsamples
of 15 wi!l be selected to have approximately equal size distributions. Up to 10 additional
fish will be frozen on dry ice and archived for future analysis. Samples will be taken
promptly to the laboratory and stored at -80°C until they are processed. Non-polar lipid
extractions, stomach content analyses, and determination of RNA/DNA ratios will be done
at UC Davis. OtoLiths will be proc~sed at UC Davis and by UC Davis personnel at the
USGS Dixon lab, with the assistance of Dr. Mike Salki. Hsp 70 assays will be conducted
at the Bodega Marine Laboratory under the direction of Dr. Iames Clegg. Gill

+ + vNa K ATPase aeLi ities will be determined by Biotech Research and Consulting, Inc., in
Corvalis, Oregon.

Laboratory Studies: laboratory studies in the first year (1998) will take advantage of an
ongc~mg study of the relations among growth, temperature and ration level for juvenile
chinook salmon and steelhead, which has separate funding. Funding under this prOposal
will allow assays of lipid classes, gill ATPase activity, RNA/DNA ratios, and stress
proteins (hsp 70), to providedata on these measures of condition and .performance for fish
grown in known conditions. In addition, separate experiments will be conducted on chinook
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smelts from Nimbus Hatchery, to simulate thermal conditions experienced by smelts
emigrating ti~ough the lower Sacr~nento River.

Experiment I: Fish will be held at the UC Davis Institute of Ecology, and will be randomly
assigned to one of the 6 mmperature (I I, 15 and 19°C) x ration siz~ (100% ad libitum and
30% of ad llbitum) combination treatments, with 4 replicate tanks per treatment. This
represents a total of 48 tanks, the maximum number available in the facility. Response
variables in Experiment 1 will be: (1) food consumption, growth and mortality rams; (2)
respiratory metabolic rams; (3) swimming endurance determined by critical swimming
velocity; (4) critical thermal maxima; (5) thermal preference; and (6, this proposal) lipid
levels and composition, RNA/DNA ratios, ATPasn activities, and stress protein (hsp 70).

luven£1e steeehnad and chinook salmon will be maintained in replicate round, 75-I,
fiberglass experimental tanks. A flow-through, temperature-controL!ed unchinrinaled
weel-water supply with continuous aeration wiLl assure high dissolved oxygen and low
dissolved ammonia concentrations, both of which will be regulm’ly monitored. Spray bars
carrying inflowing water will be angled to produce a slow current of approximately I body
length per second. Tanks will be situated in a laboratory equipped with translucent roof
panels to maintain natural photoperieds throughout the experiment. Baseline data will be
collected from a sample of 30 fish selected randomly at the beginning of the experiment and
over-anesthetized for determination of ]ipid levels and composition, A’rPase activity, and
levels of StleSS protein (hsp 70)~ A subsample of 15 will be selected for determination of
lipid classes. The second subsample of 15 will used for determination of RNA/DNA ratios
ATPa.s¢ activity, and hsp 70 levees. Procedures and methods will be as described above for
field samples. At the conclusion of Experiment 1 as second sample of up to 30 fish,
possibly including fish used in the thermal preference tests, will be seeented from each
treatment group for the same set of assays.

Experiment 2: After the conclusion of Experiment 1, juvenile chinook salmon will be
obtained from Nimbus Hatchery and held at 17°C until at least half display color changes
(silvering) associated with smelting. Fish will then be starved for 2A-48 hours to empty the
gastrointestinal tracks, and a sample of 30 will be selected for the same baseline assays as
described above for Experiment 1. After the fish a~� allowed tu recover for two days, they
will be divided randomly into six groups of 36, and each group will be distributed among
four of the tanks used in Experiment 1, giving nine fish per tank. Wate~ temperature in
l/3rd of the tanks will be increased to 20°C, to 22°C in another third, with the final third
of the tanks remaining at 17°C. Within each temperature treatment, one group will be feed
ad libitum, and the other group will be fed 30% of the amount consumed by the ad libitum
group, for six days. Dend fish will be promptly removed from the tanks, counted,
weighed, and measured.

After seven days (the approximate travel time from Sacramento to Chipps Island; Pat
Brandas, per#. oomm.) fish will be over-anesthetized, weighed and measured as in
Experiment 1, and fish from each experimenta! group will be divided into two asbsamples
with approximately equal size distributions. Lipid classes will be demrmined for one
subsample, and the same methods as in Experiment 1. Tissues will be taken from the other
subsample for assays of ATPase activities, RNA/DNA ratios, and levels of stress protein
(hsp 70). Methods and procedures will be as described above. Mortality will be directly
measured as incidental deaths.
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Modeling Studies:
Modeling studies will begin in the second year. The models used should be matched to the
data, so data from the first year will be used m guide selection or development of the
models. During the first year e×isting models will be collected and evaluated. We
anticipate using models that will explore the population consequences of diff~nces in
performance and condition in plausible and relevant but gernerallzed environmental
conditions; that is, the focus w~ll be on modeling the responses of fish to environmental
conditions, rather than on modeling the environmental conditons:

Workshop: We will organize a workshop in t999 ~o get mid-course peer review from
invited scientists working on related issues. Tentatively, we plan that the first day of the
workshop would include managers and biologists from the Central Valley for presentations
of our first year results and discussion of the utility of the work presented for addressing
practical management problems. The second day of the workshop would be a more
technical review of the results from the first year, and also deal with such matters as
alternative measures of condition and performance, analytical techniques for assays, and
discussion of future lines of research.

Data analysis and synthesis:
Analyses of l~boratoty date will use standard statistical methods such as ANOVA.
Analyses of field data will also use standaxd statistical methods, but as recommeadod by
Stewart-Oaten (1996) will emphasize confidence intervals rather than significance t~sts.
Arehived fish will be processed as needed to provide additional statistical power. Methods
such as cannonical ordination Oongman et al. 1987) will also be explored. Data from the
National Marine Fisheries Service monitoring program will be included in analyses to the
extent feasible and appropriate. We will also merge and analyze the 1991 and 1992
American River data on chinook salmon and steelhead that were reported separably in
Castle.berry et al. (1991, 1993).

Products: The products of this project will be (1) a report making spe(lfic recommendations
for a long-term monitoring program; (2) a substantial set of data on the condition of
juvenile fall-run chinook salmon; (3) a report presenting, synthes~’mg and evaluating the
results obtained from the field, modeling, and laboratory studies; (4) improved
understanding of the temperature tolerance of juvenile chintmk salmon and steelhead. The
work will also be reported in the professional literature.

f. Monito~ng and Data Evaluation: ’
The monitoring program is speeifteally designed to be coordinated with existing programs
for monitoring juvenile salmon, including the NMFS program. The workshop in proposed
for 1999 will provide peer review from both scientific and management perspectives; in
addition, manuscripts desodbing results of the program will be submitted for publication in
peer-reviewed journals. Data will be evaluated both by statistical analyses and by
raodeling, as described above.

g. Implemenzability:
The proposed program will be highly implementable regarding fall-run chinook salmon,
although there may be constraints on field sampling of juvenile steelhead or juvenile
chinook from other runs. All necessary permits will be obtained. The cooperation of
agency personnel conducting the existing sampling programs will b~ required.
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IV. COSTS AND SCHEDULE

a. Budget Costs:
This proposal is for $779,500 over thre~ years, with $247,300 in the firt year. Costs are
mainly for salaries of post-graduate researchers ($497,870), with adjustments for inflation
of 5% per year included. Students will be employed on a hourly basis to help with specific
tasks, but the project depends primarily on salaried personnel. The estimated total cost of
the program is $879,500 over three years, of which an estimated $120,000 for modeling
and experimental work will be the subject of future proposals. As the routine for
processing samples becomes well developed, it may be possible to reduce costs; such
adjustments in the cost of processing samples will be included in the future proposals.

Costs/’or are broken down into the r~quested categories, hy year, in Table 1. Costs in 1998
for processing samples, excluding salaries of post-gradual* researchers, am broken down by
assay in "fable 2. 5% increases are assumed/’or 1999 and 2000.

Potential for incremenlal funding: Because the design of experiments and modeling in the
second and third years should depend upon results in prior years, we will submit separate
proposals for that work. It woutd be possible to fund the project one year at a time, with a
first year budget of $247,300; howler, interpretation of the field results will depend
strongly on yean-to-ye~r variation, so a three year program seems minimal. Moreover, a
multi-year commitment will faeititate attracting top-quality post-graduate researchers and
maintaining a smoothly running program.

b. Schedule Milestones:
Milestones:

December i997: Funding begins;
Organize for field sampling, train post-graduate researchers in
analytical techniques as needed;

January 1998: Begin field collect;

April 1998: Begin laboratory experiments;

lane 1998: Conclude laboratory experiments and first year field collections.

mid-1998: Submit proposal for 1999 laboratory experiments and laboratory work.

November 1998 Submit annual report for 1998, begin modeling studies;

~-anuany 1999: Begin second-year field collections and experiments;
Hold workshop;

Iune 1999: Conclude second-year field collections and experiments;

Novemb~ 1999: Submit annual report for 1999; ’
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January 2000: Begin third-year field collections and experiments;

June 2000: Conclude third-year field collections and experiments;

November 2000: Final report completed, fv.nding ends.

c. Third Party Impacts:
No third party impacts arc anticipated.
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V. APPLICANT QUALIFICATIONS:

a. Organization of staff."
The project will be under the direction and supervision of Dr. J. J. Cech, Jr., Professor at
the Department of WildLife, Fish, and Conservation Biology, University of California,
Davis. Dr. L G. Williams (Post Graduate Raseo.reher X) will provide day to day project
management, be primarily responsible for data analysis and report writing, and participate
itt the modeling work. Ms. Barbara Martin (PGR III) will be primarily responsible for the
preparation and analysis of otoliths, for conducting the lipid class analyses, and for
supervising the RNA/DNA analyses. One PGR II will be responsible mainly for
~onducdng the hsp 70 analyses. Another PGR IT will be res_oonsthle for collecting
field samples and performing the field autopsies, during the field season, and will assist
with the otolith and RNA/DNA analyses during the batance of the year. We anticipam that
a PGR V (Ph.D. level) will be included in the y~a~ 2 and 3 proposals to conduct laboratory
exporiments and parfic-i~ate in the modeaing work.

b. Collaborating Scieraists:
Dr. Bruce MacFarlane of the National Marine Fisheries Service, Tiburon, California, will
provide guidance for the lipid class analyses performed in his laboratory by Ms. Barbara
Martin, and will collaborate in the interpretation of data, particularly with the integration of
results from this proposal with the results of his similar investigations in San Francisco Bay
and the Gulf of the Farallones.

Dr. Michael K. Saild of the Biological Resources Division of the U.S. Geological Survey
in Dixon will make facilities and equipment available for otolith analyses, and will
collaborate particularly on indications of effects of contaminants, which is his area of
specialization.

Dr. lames S. Clegg will provide guidance for the hsp 70 assays, which will be conducte(i ka
his laboratory at the University of" California Bodega Marian Laboratory.

Dr. ~’ames Peterson of the BioIogical Resources Division of th¢ U.S. Geological Survey at
Cook, Washington, wi2,1 collaborate on the modeling studies.

Dr. Ierry H~rick of the University of California, Davis, will make facilities and equipment
available for the RNA/DNA analyses.

Mr. Daniel T. Casdeberry of the U.S. Fish and WildLife Service in Stockton will
collaborate with the interpretation of the study results, and with th¢ s3mthcsis of the results
of this project with those from his work on the American River with Dr. Cech, Dr. Saik~,
and Ms. Martin.

c. BiosRetches:
Dr. LL Cech ~’r. has been a professor at the University of California, Davis, since 1975,
and was Chair of the Department of Wildlife, Fisheries, and Conservation Biology from
1992-1997. He has publishe.d over 8Q Imer-reviwed articles and boo~ in the fields of
physiology and physiological ecology of fishes, and has won numerous award, honors, and
grants. Fie has successfully completed seven contracts with state agencies for studies of the
physioingical ecology of fish in the Sacramento/San Joaquin/Delta system, and participated
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in studies of the condition and performance of juvenile chinook salmon and stecLhead in the
American River. Relevant publications include:

Cech, J.J., Jr., Mitchell, S.J., Castleberry, D.T., and MeEnrco, M. 1990. Distribution of
California sin-cam fishes: influence of environmental temperature and hypoxia. Env. Biol.
Fish. 29:95-105.

Castleberry, D.T. and J.J. Ceeh, Jr. 1993. Critical thermal maxima and oxygen minima of
five f’mhes from the Upper Klamath Basin. CatiL Fish and Game 78:145-152.

Young, P.S. and j..r. Cech, Jr. 1993. Improved growth, swimming performance, and
muscular development in ezcercise-condifionad young-of-the-year striped bass (Morone
saxatilis) Can. I. Fish. Aquat. Sci. 50:703-707.

Young, P.S. and J.J. Cech, Jr. 1993. Effects of exercise conditioning on stress responses
and recovery in cultured and wild young-of-the-year striped bass, Momne saxatilis. Can. I.
Fish. Aquat. Sci. 50:2094-2099.

Cech, J.J. Jr., D.T. Casfleberry, T.E. Hopkins, and J.H. Petersen. 1994. Northern
squawtish, Ptychocheilus oregonensis, 02 consumption and respiration model: effects of
temperature and body size. Can. I. Fish. Aquat. Sci. 51:8-12.

Cech, LL, Jr., D.T. Castleberry, and T.E. Hopkins. 1994. Temperature and CO.2 effects
on blood 02 equilibria in squawfish, Ptychocheilu~ oregotzensis. Can. L Fish. Aquat. Sei.
51;13-19.

Moyle, P.B. and J.L Cech, Jr. I996. Fishes: an introduction to ichthyology. 3rd ed.,
Prentice Hail.

Cech, J.J., It., S.D. Bartholow, P.S. Young, and T.B. Hopkins. 1996. Striped bass
exercise and handling stress in freshwater: physiological responses to recovery
environment. Trans. Am. Fish. Soc. 125:308-320.

Young, P.S. and J.J. Cech, Jr. 1996. Environmental tolerances and requirements of
splittall. Trans. Am. Fish. So¢. 125:664-678.

Dr. LG. Williams is a hydrologht who became familiar with fisheries issues during his
tenure as Special Master for the continuing jurisdiction in Environmental Defense Fund et
al. v. East Bay Municipal Utilities District, in which capacity he supervised a major

monitoring program on the American River. He also had experience with project
management while working with the f~rm of Philip Williams & Associates prior to his
American River work. Fie recently became Executive Director (part-time) of the Bay Delta
Modeling Forum.

MS. Barbara Martin is now completing a Master’s Degree at Humboldt State Oniversity.
From 1991 to 1993 she participated in studies of the condition and performance of juvenile
salmon and steelhead in the American River (Castieberry et al. 1991, 1993, 1994), where
she had extensive experience in preparing and reading otoilths, and condugting RNA/DNA
analyses, as well as performing other assays.
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VI. COMPLIANCE WITH STANDARD TERMS AND CONDITIONS

All terms and conditions are agreeable and we wilt be able to comply with them. An
intex~gency agreement will be executed along with the final contract.

-14-
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Notes for Table i:

(cos~ in notes are for
!.                  Year One, add 5 % for subsequent y~rs)One Post Graduate Reseaxcher II (PGR IO for 6 months
2. Student labor for seine sarapling in the American Rivei and the Delta.
3. Materials, supplies, and travel
4. Modify water supply for temperature control for Experiraent 2.
5. One PGR III for 12 months, one PGR 11 for 12 months, one PGR II for 6 months.
6. Student labor at $5.Z~ per honr for identifying stOmach Contents and re "
7, Processing ATPase samnles 6 75 m;,,)~.h o . . p panng samples for li "d extrac i.- , ,9 ~ ~ .....e, esearcn anca Consultinn, lne ~" li),i.q ......:__~)n ....l~lons. .8. Supp/ies for anaJyses: lipid class detea’minations, 15,37.5; hsp 70 assays, 4,050; otoliths, stomachs, and common to all, 3,08S.,-auJ~, J, uls’o II)ept. of Ammal Science).9. One PGR X for 12 months at 50% time.
I0. F~am, ate#: ~11 be tl~ subject offumre proposals.-- 11. Travel costs for in~ited scientists, faoilities.

I



ANALYSIS COSTS
1998

not salaries

Lipid classes 25 15 42 15,750

non-polar lipids 5 15 115 8,625

$60,300
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